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tributions in cave tufa formations from a twilight zone of the Baeg-nyong Cave. Journal of the Geological
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ABSTRACT: Microbial mats which formed at various terrestrial environments including the Earth’s critical zone
have a significant implication on the relationship between microbial activities and formations (and/or degradations)
of minerals. Up to date, however, there is no geological survey for the microbial mats of tufa deposits in a twilight
zone of Korean limestone caves. In this study, we aimed to report a variety of microbial structures and their
distributions on tufa deposits in the Baecg-nyong Cave (Natural monument no. 260), Pyeongchang, South Korea.
The sedimentary petrographic results for 7 tufa specimens collected near the cave entrance show that both of clotted
and filamentous textures are largely dominant and their detailed types are different from each other. These
characteristics of the tufa deposits are clearly different from those of the typical meteoric speleothems composed
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mainly of clean carbonate crystals and may indicate the past presence of microbial mats on the surface. Through
the scanning electron microscopy, we have identified the various shapes of microbial structures including diatoms,
hyphal filaments and coccoids. The microbial structures observed in this study have been classified to 2 and 7 types
of coccoids and filaments, respectively, based on shape, size and arrangements between individual structures.
Interestingly, our results show that the diversity of microbial structures in the Baeg-nyong Cave is gradually
increasing to the inner cave with a distinct threshold area which is abruptly decreased in the microbial structural
diversity. This may imply that an entrance area of the limestone cave is one of the microbe growth stimulating
environments and has been affected by complex factors on geological, geographical and micro-meteorological

conditions.
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Fig. 1. A geographic setting of the Baeg-nyong Cave and the sampling locations in the twilight zone. (a) A stellite
image of the study area with the entrance of the Baeg-nyong Cave (a red arrow). (b) A sketch map of the entrance
area in the cave. Red circles denote sampling locations. Stars indicate monitoring sites for measuring temperature
and relative humidity (Woo et al., 2006). (c) A year-long monitoring results on temperature and relative humidity
of the cave. The cave data are from Woo et al. (2006) while the continuous data in Yeongweol area are from the
Korean Meteorological Administration. (d) Tufa specimens collected for this study.
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Table 1. Physical description on the surface and sampling locations. Sampling worked in the order.

Distance

] Size
Samples (m; from the g porate Surfallce Color (cm; witdth Mineralogy Grains Texture
entrance to materials % length)
the inner cave) g
Outside Microbial — Light . Micrite, Filament,
BN-M1 of the cave Wall mats grey 812 Calcite Micro-sparite ~ Clotted
Microbial . Micrite, Filament,
BN-M2 0 Wall mats Green 7x4 Calcite Micro-sparite  Clotted
.. Microbial Green/ . Micrite, Filament,
BN-M3 > Ceiling mats ivory >3 Calcite Micro-sparite ~ Clotted
BN-M4 9 Wall Microbial Green 3-4x12 Calcite Mlcrl.te, Filament,
mats Sparite Clotted
BN-M5 14 Wall Caly €Y 5,43 cCaleite | MM Eilament
ivory Micro-sparite
BN-M6 18 wall  Caly M 46 calite  Micro-sparite, - Fibrous
brown Sparite calcite
BN-M7 22 Wall Mlcmr;)tl;lal Black 2 x4 Non carbonate mineral
56 Dark . . -
BN-M8 (Dark zone) Wall Caly brown 2-4x8  Aragonite Sparite Sperulitic

Model SPT-20) Wol|A] 4402 9_} ZAwos =3
Bgiek. AR AR 25 278 7Mek 20 KV
3lo| Al working distance= 6 mm=Z AP =it
AR T2k A) ¥ EDS (Energy Dispersive
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E7} 9}5] 4 w1, BN-M25E] BN-M4 74 2=
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JHA =9 (shadow area)T} o] 52 YHE vt
2R Q= Holl A= TEEA gh= Ao EHom
T A YHe B Qs Ao wperEch wY
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Fig. 2. Photographs of rock slabs for individual tufa specimens. Note that the upsides in all the photographs coincide
with real orientations prior to the sampling.
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Fig. 3. Photomicrographs of thin sections from the surface parts of cave tufa deposits. All the images were taken
under the cross polarized light. (a) The surface part of BN-M1. Central elliptical to circular micrite parts showing
clotted texture (small character ¢) were covered by micro-spar calcite(sp). (b) BN-M2 which is similar with textural
characters of BN-M1. (c-d) BN-M3. Filamentous textures(f) are very dominant. (¢) BN-M4 showing the crudely
contacted columnar calcite partly with clotted textures. (f) BN-MS5. Filamentous textures are dominant. (g) BN-M6
showing the straight interfaces between individual columnar calcite crystals. (h) BN-MS. Sparite with clay layers

in the outer surface.
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Fig. 4. A variety of microbial textures under the polarized microscope. (a), (c), (d), (f) and (g) Micritic filamentous
structures observed in BN-1,BN-M3,BN-M4 and BN-MS5 (arrows). (b) Clotted textures from BN-M2. (h) Equant,
fibrous and acicular calcite crystals developed in BN-M7. Also, laminations produced by clay layers are well
developed. (i) Radial aragonite in BN-MS. (j) Calcite textures in BN-M8. ¢ = clotted textures, f= filamentous textures,
s = spar, sp = micro-spar, fc = fibrous calcite, ar = aragonite, ca = calcite, p = peloids.
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Table 2. Microbial texture found in entrance carbonate. (ED=external diameter; SD=septa distance.)

size (/m) . . .
Code Branching Additional features Composition
ED SD
Fl 15 4-8 Few Mucus material Ca,C,0
and attached micrite >
" 0.3-0.4 122 None Covering on the sparites, Ca,0,C.F
Rod shapes
F3 0.5-1 1-2.5 Dominant Curved rod shapes, Colonized 0,Ca, P
F4 0.4-0.6 0.9-2.2 Present Collapesd rod shapes, Chain 0, Si, Ca, Al
F5 0.4-0.7 0.6-1 Few Rod shapes 0O, Si, Ca, P
F6 0.4-0.7 2 Dominant  Rod shapes, long chains, bent at septal neck O, Si, Al, Mg
. can not
F7 1.5-2 4-7 Present Collapsed rods, long chain be detected
Cl 1 - Collapsed spherical, Colonized Ca,C,0O
C2 1.5-1.6 - Spherical, muscus material 0, Al, Fe, Al
Meshed on the surface
S 10-18 ) and attached spiny materials 0,C,Ca
U 2 - Unknown organism 0,C,Si, P
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Fig. 5. SEM images showing microbial structures. (a-h) Various microbial structures observed only from BN-M1.
(i-k) F2 type of filament. (1-n) The F3 type of filament on the surface of the BN-M4. (0) F4 type of filament.
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Fig. 6. (continued). (a) F4 type of filament. (a-d) F5 type of filament. (e-g) F6 type of filamnet. (h) and (1) F7 type
of filament. (j-m) Unknown organic fragments (n) and (o) C2 type of coccoids.
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£450°] 71 A& (chain) &2 A7 E|o] It 1H
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BT Pe 2 PAEHLY 6 6k, 6], 6m)

g A2 EZE Y 52 Y+ A-TG Y
5 S 2Heo] AeE= A A FHT HIE B

ol= AL E UEIITHIHE 7). BN-M1 A|5ofA= H
e 72 73 Fl, Cl, S7F SA|81A B2k= L U7t
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Fig. 7. Changes in the diversity of microbial structures. There are two threshold areas indicated by two dashed lines.
A threshold location is located between BN-M1 and BN-M2. Another is occurred between BN-M4 and BN-5. BN-M4
shows a highest diversity in microbial structures. The horizontal bars in this graph illustrate the occurrence of each

microbial texture (black = present, gray = dominant).
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TN S A= EREEHE
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al., 1989). o]Q]of| = FA| A o2 AX F7]|9 A&
Zol ZE0 2 QI3 ¥rAst= FHERME (Harmon et
al., 1983), A3)d JEo] LAt F-F(Atkinson, 1983)
ol B v §lr}. spA|uk 2T YR n|yEY &
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o3l Q120] 445 B 1% QltiJones, 2010; Tisato
et al., 2015). o] 2|7t n| A E0] 282 ThFRE H7A]
HEA T v E WY 5= 3l S| = skt
(Cacchio et al., 2004; Banks et al., 2010; Tisato et
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h=d| F23% A HE Al Es)FE=d|(Krumbein et al.,
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o 4% Yoot Fope] 227} whe WP B
o ot AF3F . Taborosi et al. (2005)2 &
SREEERE PEEEEE T PEL
sl o] 2go] vh$- FRelcn B asloc.

ah Aol THEl 7 15 me] vl 2ejolEs
TAE ZHFHIE 222 F2 YA (cyanobacteria)
= wiHfungi) ] A= S|4 =L QITHArp et al.,
1999b; Pedleyl, 2009; Perri ef al., 2012; Bindschedler
et al., 2010). FAlF- F3HA (photosynthesis)& &
o gH4tE 2 Atk Ao dEA e, o
2fg AL nlasol= YeES FATc o
T4 v} JcHArp et al., 1998, 1999a, 1999b; Dupraz
et al., 2004; Dupraz and Visscher, 2005). o] B85
= YFHolA ElE ngE L2 F19] 39, 'Al
o] A AY o) ool BRE kel BA A7
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= Yo, A4 (hormogonia)E /3 8k= AMIA|
(trichome) F+27} ¢l AL} Ao 2 HothE=
27} FHA &3] TEE YR FAA= AR
ol gHo =R iz 7S A Tas
FH 2 TEE= A o= HoK1] 5b, 5¢, 5f) #79
FAAY 7FsA ol & A2 wdE) Burford
et al. (2006) 8] HAtof| o3 3|4 7| AR 21Y &
ok 25°C 2] ol A viFet #5777k 234430 g4
FES A= o] AFH oz A v ¢l
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FEj o] Wafdo] A TEEE=|, o] F2, F3,
Fox}t o Z3g5to] Uehdtt F3= A28 7 &
HREoA HPHIE FAE AT Sl FFe=
Y (19 5l), Fo= T2 24HS A85= ¥
g2 BT 6e, 6f, 6g). T, F22 wajl4 2
A SR 2 ujdE AH 2 WEEY| = 5
(¥ 5), W= eIES] BEsHA A &2
FH == HFEHIE 5m, 5n). 0|2 25 2|F
o oF 1 im oJ5}o] LFF L2 Fo] FET FHE
Ho|a (19 5, 5n, 6f) TheFgt Fefo] AAIE B4
Sh= Ao 2 Hol vhAw R (actinomycetes)d 7H5
go] glont gt LR offE Aot} ol
2 BF e AR #HS e FHE UEEHE
4|, £3| n]AE & F29} F32 EPS (Extracellular
Polymeric Substances) 2 #-7]2 7]Z (organic ma-
trix) 2} Bl Eo] Jol2| R FHE Ho|7| & 5t (1d
5, 5m, 6h) o]t SHA =2 QI3 TF Y TAE =
o] F4E o dZol Ead vl glrk(Casanova et
al., 1999; Castanier et al., 1999).
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